Antarctic residence (AR) is associated with a 50% increase in the thyrotropin (TSH) response to TSH-releasing hormone (TRH) and an expanded triiodothyronine (T3) distribution volume and extravascular hormone pool, collectively called the polar T 3 syndrome. To investigate the possible biologic significance of this syndrome, we studied the relationship between nonstimulated TSH and serum lipid profiles in nine subjects, once while in California and monthly during 9 months of AR. We measured serum levels of TSH, total thyroxine (TT4), free T 4 (FT4), total T 3 (TT 3 ), free T 3 (FT 3 ), thyroid-binding globulin (TBG), total cholesterol (T-CHOL), high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), dietary cholesterol (D-CHOL), dietary fat (D-FAT), and dietary kilocalories at each month. The paired mean monthly change from baseline was used to determine significance. The group's mean levels of TSH (-30%), TBG (-16%), T-CHOL (-4%), HDL-C (-10%), and D-CHOL (-19%) increased with AR (P < .05). Small but significant decreases (P < .05) were observed in the mean changes of 174 (-8%), FT 4 (-6%), and 1"3 (-6%). FT 3 , D-FAT, dietary kilocalories, body weight, TG, and the calculated low-density lipoprotein (LDL-C) were unchanged with AR. A significant rate of change (P < .06) during AR was also calculated from the slope of a fitted logarithmic function for TSH (0. . Individual TSH changes with AR for the nine subjects varied and were highly correlated with paired changes in T-CHOL (r = .628, n = 81, P < .001) and similar changes in LDL-C (r = .658, n = 81, P < .001). No correlation was found between D-CHOL and serum lipid levels. Our study suggests that AR is associated with asymptomatic environmentally related thyroid alterations that correlate with metabolic markers (T-CHOL and LDL-C) of thyroid hormone activity on hepatic and adipose tissues. Copyright 0 1993 by W&B. Saunders Company S EASONAL EPIDEMIOLOGIC studies suggest that nine subjects residing in McMurdo, Antarctica, and correboth serum cholesterol concentration and coronary lated these changes with a sensitive assay of serum TSH, heart disease mortalities are higher in winter than in which is considered a reliable index of pituitary thyroid corresponding summer months."
2 In a cohort of 1,446 hormone status.' 0 Dietary intake of cholesterol (D-CHOL)
hypercholesterolemic 35-to 59-year-old men on a standard and fat (D-FAT) and changes in body weight were also diet, higher serum cholesterol levels were repeatedly seen measured. We predict that if the previously described near December compared with June over a period of 7 to 10 environmentally induced thyroid hormone changes are years. 3 Statistics from death certificates in England and metabolically significant, both TSH and lipid homeostasis Vle Wales have also indicated that coronary and cerebrc ascushould covary with AR, as they often do in subclinical lar disease mortalities, which accounted for approximately hypothyroidism."1 half of the annual excess deaths, occurred during the winter months. Kodak, Rochester, NY) capable of achieving precisions (withinwas approved by our institution's committee for the protection of assay and between-day %CV) better than the ideal precision goals human subjects, and each volunteer gave written informed consent.
( < ± 3% CV) established by the National Cholesterol Education All participants were within the weight and body fat standards Program.' 4 Mean within-assay %CVs for T-CHOL (2.7%), TG for the U.S. Navy (male -22%, female < 32% body fat) during (2.3%), and HDL-C (5.6%) and mean between-day %CVs for the entire study period. The age range of the group was 21 to 35 T-CHOL (2.6%). TG (1.9%), and HDL-C (7.3%) were in agreeyears with a median of 31 years, and the average height was 175 -t ment with the manufacturer's reported guideline values. Very-low-2.41 cm. Weight measurements were obtained monthly on the density lipoprotein (VLDL-C) and low-density lipoprotein cholesmorning of the study, and subjects were weighed in cotton shirts, terol (LDL-C) levels were calculated by the accepted formulas pants, underwear, and socks, without shoes. An internationally (VLDL-C = TG/5; LDL-C = CHOL -HDL -VLDL)'-and then used U.S. Navy diet with a minimum of 150 pig/d iodine was converted to international units. consumed during the entire study period. A 3-day dietary diary was Statistical analysis was performed by one-way ANOVA for completed before each monthly blood collection, and the dietary repeated measures with a randomized block design (ANOVAI R), intakes of cholesterol and fat were analyzed from these diaries (N paired t statistic, and, where indicated, by linear and logarithmic Squared Nutritionist Ill, Salem, OR). No subject was chronically regression. When subjects' paired monthly mean change did not medicated (oral contraceptives included), and the women mainvary significantly with AR, the 9 months' changes were pooled into tained regular menstrual patterns by history. Subjects experienced a single mean change for the AR period. However, if there were 24 hours of total daylight for 5 months in the summer and 24 hours varations between monthly mean changes, significance was tested of total darkness for 4 months in the winter. The mean daily by least-squares linear and logarithmic regression for structure to temperatures ranged from a high of -2.93* -t 0.46°C in January the change. To further test the group's mean changes, individual 1990 to a nadir of -28.06* ± 1.38°C in August 1990. Subjects regression was computed and supported the group's findings. Data are expressed as means ± standard error with significance set at moved between buildings for work, meals, and recreation: conse-P < .05 unless otherwise indicated.
quently, the average outdoor exposure was 0.83 ± 0.07 h/d. Fluorescent lighting was used throughout the study period indoors, and the ambient indoor temperature ranged between 50 and 220C RESULTS near the floor to between 12r and 25°C at the level of the head.
Thyroid Hormones Serum lipid, thyroid hormone, and binding protein concentrations were analyzed from postabsorptive (10 to 12 hours after last TSH and TBG means increased by -30% (P < .01) and food intake) blood samples collected in conjunction with a study of -16% (P < .05), respectfully, whereas TT 4 , FT 4 , T'F 3 , T3 kinetics1 2 involving the monthly ingestion of 50 t.g (76.8 nmol)
TI' 4 /TBG, and TT 3 /TBG decreased by -8% (P < .001),
Cytomel (T3; Smith Kline & French Lab, Philadelphia, PA); this -6% (P < .001), •-6% (P < .01), -14% (P < .01), and technique has been described elsewhere. 6 Levels of TSH, total -14% (P < .001), respectfully ( S.month's TSH values is also remote. In an analogous coexistent concentration decreased with AR, its rate of change was kinetic study lasting 1.5 years at our institution, serum TSH values positive (0.09 ± 0.04 nmol • L-I tmo-1 ; n = 9, r = .6824).
were not progressively elevated when evaluated monthly, 30 days This suggests that the decrease in TT 3 levels was not after the last oral Cytomel (76.8 nmol) ingestion. 6 Additionally, we have reported that serum TSH level is unchanged 2 weeks after this progressive and most likely occurred within the initial same dose ofT 3 even when repeating these biweekly intervals three months of AR and then returned to basal values with time. times over 2 months.' The group's mean T-CIOL level increased by 4% 6.8 pmol/L), and TBG (normal, 167 to 386 nmol/L) for any given (P < .001) and HDL-C level by -10% (P < .001). Alsubject were measured on the same day and in the same assay using though LDL-C, TG, and VLDL-C values tended to incommercially available kits (Diagnostic Products, Los Angeles, crease, their differences from basal values were not statisti-CA). The kits had a within-day percent coefficient of variation cally significant (Table 2) . 1/mot NOTE. Data represent the basal value -t SE obtained in California and the mean and rate of change from basal for thyroid hormone and binding protein levels of nine subjects during 9 months of AR. The rate constant is determined by the natural logarithmic function of a single dependent variable regression where month is the independent variable (equation: Y = slope. In(X) + Y-intercept).
•P < .05. tP < .01. *P < .001. 7 no study, to the best of our knowledge, examining with AR were directly related to similar changes in serum the relationship between thyroid status and lipid homeostalevels of LDL-C (n = 9, r = .7652, P = .0069) but not sis with AR has been reported. T-CHOL (n = 9, r = -. 3293, P = .1916). However, further
Dietary and Weight Analysis
In this study, we have demonstrated that AR is associinvestigation of the individuals' monthly changes (Figs 1 ated with thyroid status alterations that covary with serum and 2) revealed direct correlations between TSH and lipid changes. Subjects in this study experienced a signifi-LDL-C (0.27 ± 0.03 mmol LDL-C/mU TSH; n = 81, cant increase in serum levels of TSH, TBG, T-CHOL, and r = .6583, P < .001) and TSH and T-CHOL (0.27 ± 0.04 HDL-C, with meaningful decreases in serum TT 4 , FT 4 , TT 3 , mmol T-CHOL/mU TSH; n = 81, r = .6279, P < .001).
"T 4 /TBG, and 'IT 3 /TBG (Tables 1 and 2 ). The TSH This observation suggests that the pooled monthly means changes were also strongly correlated with T-CHOL and minimize the individuals' T-CHOL changes. Thus to better LDL-C changes (Figs 1 and 2 ). Although both HDL-C and appreciate the TSH and lipid correlations we chose to D-CHOL levels increased with AR, no correlation was present the relationships in terms of individuals' monthly observed between those changes and TSH. Furthermore, NOTE. Data represent the basal value ± SE obtained in California and the mean and rate of change from basal for TG, T-CHOL, LDL-C, HDL-C, and --------VLDL-C of nine subjects during 9 months of AR. The rate constant is determined by the natural logarithmic function of a single dependent variable regression where month is the independent variable (equation: Y = slope-In(X) + Y-intercept).
P < .05.
p< .01. and thyroid status), 21 .22 only thyroid status alterations offer a likely explanation for the T-CHOL change that we now no relationship was detected between the D-CHOL changes present. Despite our earlier reports of increased energy and serum lipid changes.
intake without body weight changes with AR, 7 8 .1 9 the young The serum lipid data that we report are in concordance healthy adults in our present study displayed no change in with serum lipid findings of earlier Antarctic studies. Serum body weight or dietary intake of calories and fat throughout T-CHOL level has been reported to increase with AR in the study period. This discrepancy may be due to differone Australian expeditionary cohort.' 6 In another Austraences in the dietary history-taking techniques; the dietary lian study, Antonis et all 7 also failed to demonstrate an interviews were more detailed in our previous studies. 7 overall significant change in LDL-C, HDL-C, and TG with Although dietary cholesterol intake was increased, no AR. Unlike Antonis et al,' 7 we report an overall increase in correlation between the D-CHOL change and serum lipid HDL-C level, but this may be due to differences in analysis changes were observed. In addition, an increase in the technique or the population sample used (both men and D-CHOL intake seemed unlikely to account for the striking women served as subjects in our study).
relationship between serum TSH and T-CHOL and LDL-C Some of the thyroid changes that we present are also levels. consistent with the findings of our earlier Antarctic studies.
Since the serum thyroid hormone and lipid findings are Reed et al 7 .' 9 have reported increases in the TSH response not pathologically abnormal, they do not fit the classic to TRH, decreases in TI1 3 , and unchanged FT 3 . Unlike presentation of subclinical hypothyroidism. However, the those earlier studies where no change in TT 4 , FT 4 , TBG, asymptomatic compensatory increase in TSH level with an and nonstimulated TSH were found, we now report small associated elevation in T-CHOL level is suggestive of a partially corrected subclinical hypothyroidism condition and offers a likely explanation for the correlation between TSH and T-CHOL and IDL-C levels. This is further i.e.
• •supported by the small hut significant decrease in TT 4 and .se FT 4 levels ( 24 or being n -e1, r =.@M,P <c.001.
repeatedly exposed for as little as 2 weeks in experimental cold-chamber studies1 3 will increase T 3 requirements and In conclusion, humans appear to have an asymptomatic change thyroid hormone homeostasis. Nutritional, pharmapituitary, thyroidal, and serum cholesterol response to cologic, and pathologic explanations for the thyroid status extended AR. Lipid responses covary with changes in alterations in this study are unlikely. The subjects were serum TSH level, suggesting a common hormonal mediator. healthy euthyroid-appearing men and women and were not
Since increased blood cholesterol levels are causally related ,, chronically medicated or malnourished. Sampling protocol to an increased risk of coronary heart disease,' 5 further is also an unlikely cause since similar procedures with a investigations are warranted to at least identify the individcomparable group in an analogous 18-month study in ual sensitivity and possible mechanisms responsible for Bethesda, MD, failed to demonstrate any protocol-related these environmentally induced thyroidal and associated TSH changes. 6 lipid alterations. In most species, an important synchronizer of daily and seasonal physiologic rhythms is the change in the light-dark cycle.
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